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UNITED STATES PATENT OFFICE.

THOMAS B. CROWE, OF VICTOR, COLORADO, ASSIGNOR TO MERRILL METALLURGICAL
-COMPANY, OF SAN FRANCISCO, CALIFORNIA, A CORPORATION OF CALIFORHIA.

PROCESS OF AND A_PPARA‘TUS'FOR PRECIPITATING MATERIALS FROM SOLUTIONS. ,

1,281,249,

To all whom it may concern:

Be it known that I, Tromas B. CrowE, a

citizen of the United States, and a resident

-10

16

of Victor, county of Teller, State of Colo-

‘rado, have. invented a new and useful Proe- .

ess of and Apparatus for Precipitating
Materials from Solutions, of which the fol-
lowing is a specification.

. My invention relates to an improved proc-

-ess of and apparatus for precipitating and

recovering valuable metal bearing material
from solutions and particularly metals from
hydrometallurgical solutions. "

An object of the invention is to provide a
process and apparatus for accomplishing

the precipitation and recovery of materials -

- from solutions and particularly metals from
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hydrometallurgical solutions, more effi-
clently and economically than heretofore.
When metals or materials are precipitated
from solutions by a precipitant having the
quality of displacing from the solution that

certain metal or material which it is de-

sired to recover, and preferably comprising
a metal capable of precipitating the desired
metal from solution by replacement, it has
been found that the contact of the air or
other oxidizing gases with the mixture of
solution 4nd precipitant oxidizes the precip-
itate and the precipitant. This oxidization
decreases the- efficiency of precipitation and
increases the cost-of the precipitant, as that

- portion of the latter which is oxidized- is
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" rial from the solution, with the solution in .
the condition in which it is discharged from

45

unavailable for future precipitation. I have
found that any tendency to oxidation dur-
ing the process is deleterious to such an ex-
tent that precipitation may not only be in-
complete, but a re-solution of the valuable
metals previously precipitated and collected
may occur. Heretofore, it has been the
practice to precipitate the metals or mate-

the filter, leaching vats or -other apparatus

in which the metals or materials have been’

- dissolved. When precipitants have been em-

50

ployed to replace the metals or materials, the
precipitant has been added to the solution
and the mixture conveyed without rest and

without ‘contact with the: air to a filter,

Specification of Letters Patent.

‘Substantially all of the gases may

wherein the liquid is separated from the
solid and semi-solid material, or the solution
has been conducted through a container in
which the precipitant is held, such as a zinc
box - containing ‘zin¢ in percolable form
through which the solution flows,, for pre-
cipitating the metals from cyanid.solution
or a trough or tank containing iron for pre-
cipitating copper from copper bearing solu-
tions. Precipitation is also accomplished
by passing the solution through a vessel be-
tween an anode and a cathode, precipitation
being accomplished by an electric current
generated outside the cell. In all of these
instances however, the precipitating action
has taken place with the solution in the con-
dition in which it is discharged from the
filter, leaching vat or other apparatus.
These solutions contain air or other oxidiz-
ing gases entrained in them and this en-
trained air or ‘gas produces a deleterious
effect on the precipitating process. By the
expression entrained air I mean not only air
which is physically held in the solution but
also air which is dissolved in the solution.
My invention contemplates the removal of
entrained air or other oxidizing gases from
the solution, for the purpose of overcoming
the deleterious effect thereof on the precipi-
tating action. The entrained air or gases

Patented Oct. 8,1918.
Application filed July 3, 1916; Serial:No. 107,317, ’ o
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may be removed in many ways and I do not -

desire to limit myself to any particular

method  of accomplishing their removal,",,

be re-
moved by subjecting the solution to the
action of a vacuum, preferably accompanied
by agitation, or in-certain instances may be
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removed . by adding a reducing agent, or .

- chemical, such as sodium sulfid, hydrogen,

etc. The entrained air or gases may be re-
moved prior te or during the precipitating

action and when a precipitant is employed,.

the air or gases are preferably removed prior
to or during the time at which the precipi-

. tant is added, although results better than

those obtained in the practice as heretofore
employed may be obtained in some instances,
by removing the air or gases after the pre-
cipitant has been added.. I prefer, how-
ever, to remove the entrained air or gases
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~ cipitation process are maintained at a maxi-
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from the solution priot to the ad'dition_of'_the
precipitate thereto, so that the reducing
conditions maintained throughout the pre-

mum. Since air is a gas, I shall hereinafter
use the expression entrained gases, instead
of entrained air and gases. o

The invention possesses other advanta-
geous features, some of which, with the fore-
going, will be set forth at length in the fol-
lowing description where I shall outline in
full one form of the process and those forms

.of the apparatus which are illustrated in the

drawings accompanying and forming part
of the present specification. In the spécifica-
tion I shall describe only one specific. form
of the process of my generic invention and
several specific forms of the apparatus of
my invention, but it is to be understood that
I do not limit myself to such forms because

. my invention may be embodiged”_in\a multi-

25

plicity of forms, each being. &

¢ species’ of my
said 1mvention. It is also to

be understood

that by the claims succeeding the descrip- -

tion of my invention, I desire to cover the

" invention claimed in whatever form it may

30
35
40

45

“understood
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‘chamber of

-be embodied. . '

In the specification, T shall describe the

- invention in connection with the cyanid

process for the recovery of gold, but it is to
be understood that the invention is .capable

,of general application. In accordance with

my invention, the pregnant cyanid solution

‘is preferably first treated to partly or wholly

remove the entrained gases and the gas im-
poverished solution is then brought into

contact with a_precipitant capable of pre-

cipitating the desired mefal from the solu-
tion by replacement. The precipitant may

be added to the solution.as heretofore de- v

scribed, or the solution may be flowed in
contact with the precipitant.” Various forms

.of apparatus may be employed for carr ing

out the process and in'the drawings I have
shown several forms in which entrained

‘gases are removed by subjecting the solution

to the action of a vacuum, but it is to be

that the process is in no manner

limited in its use to the forms of apparatus

shown. - _ ’
Referring to the drawings:

. Figure

the apparatus of my invention, parts of the

~conductors being broken away to reduce the

size of the figure, and portions of the appa-
ratus being broken away so that its operation
‘may be more.easily understood: e
Fig. 2 is an elevation of a modified form
of the apparatus shown in Fig, 1.
'Fig. 3 is a section through the vacuum

baffle plates and float valve arranged therein.
Fig. 4 is un elevation of another form of
the apparatus in which the solution. 'is

my apparatus, showing the"
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flowed through a trough or container in
which the precipitant in a filiform or per-
colable condition is held.

Fig. 5 is an elevation of an electrolytic cell
which. may be substituted for the trough
shown in Fig. 4, when the precipitation is to
be accomplished by an electric current from
an exterior source, ' _

" When entrained gases in the solution are
to be removed by a vacuum or reduction of
pressure, the desired condition of vacuum

‘may be produced in several ways and in the
accompanying drawings. I have shown it as

being produced by an air pump in an ele-
vated tank or chamber, the outlet of which
extends downward a sufficient distance to

“seal the vacuum which is produced in the

chamber. Elevated above the main storage
or supply tank 2 which- contains the preg-
nant solution with its entrained gases, in

‘the arrangement shown in Fig. 1, is a small

feed tank 3 to which the solution is pumped

from the tank 2 through the conductor 4
by the pump 5. A by-pass 6 around the-

pump, provided with a valve 7 permits the
quantity of ‘solution being delivered to the

tank 3-to-be regulated. =By opening the

valve 7 the solution is circulated through
the by-pass 6 and pump 5 instead of being

“forced upwardly into the tank 3 against the

head of solution in the conductor 4. The

8b
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pump 5 is driven at a constant speed and the _

valve T adjusted so that the required quan-
tity of solution is delivered to the tank 3.

Adjacent the feed tank 3 is a closed cham-

ber 8 connected at its top by means of the
conductor 9 with the vacuum pump 12 which

may be of any suitable type. A conductor 13-
also connects the top of the chamber 8 with

the bottom of the feed tank 8 so that the
solution in the tank, upon entering the con-
ductor 18, will form a liquid seal between
the feed tank and the chamber. Another
tank 14 is arranged below the chamber 8 and

“solution flowing from the chamber 8 through

the conductor 15 discharges adjacent the bot-
tom of the receiving tank. The chamber 8
is spaced above the tank 14 such a distance

“that the weight of the column of solution

lying between the levels of solution in"the

+ tank and the chamber, which is indicated
is an elevation of one form of (

on' the: drawing by the dimension “&” will
exceed the degree of exhaustion maintained
in the chamber 8 by the action of the vacuum
pump 12; that is, the. chamber 8 is raised
above the tank 14 so that the height of col-
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lumn “@”is approximately 22 to 32 feet ac- -

cording to the. efficiency of the vacuum
pump, so that the solution will discharge
constantly from the chamber 8 into the re-
ceiving tank 14 against the upward suction
caused by the vacuum. "In starting, a quan-

tity of solution is placed in the tank 14 to

sea] the end of the conductor 15.. ‘With the

125
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" is thoroughly exposed tends toward the
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sxhaustion of the alr from chamber 8, the

unbalancéd pressure of the atmosphere upon:

the solution in the feed tank 8 forces solu-
tion through the conductor 13 into the cham-

‘ber 8 from which it discharges to the tank

14 through the conductor 15 by reason of the

weight of the column of liquid in that con--

ductor which is greater than the vacuum in
chamber 8 can sustain.. Preferably baflle

plates 16 are arranged in the vacuum cham--

ber 8 so that the incoming solution is spread
out thereon in thin sheets. The action of
the vacuum on the solution in the chamber
8 is to withdraw entrained gases therefrom,
and dividing the incoming solution so that Ith
sub-
stantially complete exhaustion of all of the
entrained gases in the solution. ;
Chamber 8 is also preferably provided
with a Hoat valve as shown in Fig. 3. When
the solution in the chamber reaches a cer-
tain maximum height the float 17 seats the

‘valve 18 in the discharge opening of the
“conductor 18 and prevents a further inflow

of solution until the level falls. It is un-

‘derstood however, that during the operation

of the apparatus, the solution continually
flows through the conductor 15, although the
flow into the receiver may be interrupted by
thevalve. ) . : '

~ Connected to the receiving tank 14, into
which the gas impoverished solution is dis-
charged, and preferably at the bottom there-
of, is an overflow pipe 22 having an upward
extension 23 discharging into the main tank
9. The extension 23 extends above the top
of the tank 14 so that the tank is maintained
full of solution. The tank 14:is provided
with a short stand pipe 21 which extends
above the extension 23 and the solution usu-
ally stands in the stand-pipe, where a very

"small area is exposed to the air and thereby
-any appreciable re-absorption of air by the .

" solution is prevented.

45

A conductor 24 leads from the re,ceiving
tank 14 to a pump 25 preferably a triplex

.. pump and means are provided for adding a

50

precipitant to the solution as it flows from
the tank 14 to this pump. Rising from the
conductor 24 to a point above the level of the

solution in the tank 14 is a pipe or conduc-
tor 26, into the upper end 27 of which is-

fed the precipitant in the form of an.emul-

_ sion or in a dry state, as-preferred.

65 -
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" As the solution is drawn through the con-
ductor 24 the precipitant from the pipe 26
is mingled with it and the mixture forced
without pause or rest and-without contact
with the air through the conductor 28 to the
filter 29 where the solids are separated from
the liquid." - ' ’

Another embodiment of my invention is

illustrated in Fig. 2, in which the feed tank

3/ is located below the main supply tank 2.

a

A pipe 43 equipped with a float valve 44 per-
mits a certain maximum quantity of solu-
tion to flow into the feed tank and maintains
the level thereof substantially constant. A
conductor 45 connects the feed tank with the
top of the vacuum chamber 8, the lower end
of the conductor opening adjacent, the bot-
tom of the tank. The vacuum chamber 8 is
located seme distance above the feed tank
3’, but is close enough so that the atmospheric

pressure on the solution in the tank 3" will
“force solution upwardly through the conduc-
tor 45 into the chamber when the air in the

latter is exhausted. '
A vacum pump 12 exhausts the air from
the chamber 8 which causes solution from

the entrained gases are released from the so-
lution as previously explained. The solu-
tion, exhausted of its entrained gases, is dis-
charged from. the chamber 8 through the
conductor 49 which extends downwardly be-

_low the tank 3’ such a distance that the head

of solution in the chamber 8 and conductor
49 is preferably greater than or at least equal
to that which the vacuum in the chamber
8 will sustain, so that the solution enters the

.pump preferably at some pressure in the di-

rection of flow, thereby preventing air from
being drawn into the pump at the bearings.
After leaving the chamber 8 a precipitant is
added to the solution by means of the pipe
26 extending upwardly from the conductor
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‘the tank 8’ to flow into the chamber where
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49 to a point above the level of the solution .

in the chamber 8. The precipitant in any
preferred: form flows through the conductor
96 and mingles with the stream of solution
passing through the conductor 49 and the
mixture is forced by the pump 25 without
rest and without contact with the air to the
Glter where the solids are separated from the
Liquid. '

A valve 53 near the bottom of the conduc-
tor 49 permits the conductor and the cham-
ber 8 to be sealed’ when the apparatus is to
be started. After a quantity of solution has
accumulated in the conductor 49 -and the
chamber 8, the valve 53 is opened and the

solution continues to flow through the cham- -

ber 8. : : I

In Fig. 4 T have shown a form of appara-
tus in which the gas impoverished solution is
flowed through a conduit or container in
which the precipitant preferably in the form
of a spongy, percolable mass is held. The

major portion of the apparatus is the same

100
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‘as that shown in Fig. 2, but instead of pro- |
- viding means for adding a precipitant to the

solution, the solution 1s flowed from the -

pump 25 into a trough or container 54 in
which the precipitant is held. This trough

may assume the form of the ordinary zinc.

boxes when cyanid solution is being acted
on, or any other well known form of pre-

125
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cipitating box or cone, but it is preferably

-~ covered and kept full of solution to prevent

10
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the entrance of air thereto.

In Fig. 5, I have shown diagrammatically
an electrolytic precipitation cell 55 through
which the solution is flowed after entrained
gases have been removed therefrom. In the
electrolytic precipitating process this cell or

~ a serles of such cells, is substituted for the

precipitant container 54. The cell is prefer-
ably covered to prevent the entrance of an
material amount of air, but must be left suf-
ficiently open to permit the escape of the
gases produced by the passage of the cur-
rent. In this construction, as in the con-
struction shown in Fig. 4, the pump 25 may
be dispensed with and the electrolytic cell or
the precipitant container arranged at such
level that the solution will flow thereto un-
der the action of gravity.

My invention is by no means limited to the

particular embodiments which I have de-’

scribed in detail for purposes of illustra-
tion. The apparatus in which the process is
conducted may be entirely changed without

_ departing from the invention, and the proc-
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ess itself may be modified, .as for example,
by removing the entrained gases during or
simultaneously with the precipitation in-

stead of prior thereto as in the embodiments
illustrated. o e
I claim:

L. The process of precipitating material
from its solution which consists in removing
from the solution gas which interferes with

the precipitation and precipitating the ma-.

terial therefrom. - v

2. The process of precipitating material
from its solution which consists in remov-
ing oxidizing gases from the solution and
precipitating the material from said gas
impoverished solution.

3. The process of precipitating material -

from its solution which consists in removing
entrained gases from the solution and pre-
cipitating the material therefrom while
maintaining’the solution out of contact with-
the atmosphere. - .

4. The process of precipitating material
from its solution which consists in subject-
ing the solution to a vacuum and precipitat-
ing the material from the solution.

5. The process of precipitating material

" from its solution which consists in subject-
ing the solution to a vacuum and precipitat- .
-ing the material therefrom while maintain--

ing the solution out of contact with the at-
mosphere, -

6. The Pprocess of precipitating material

from its solution which consists in removing
oxidizing gases from the solution and flow-
ing the solution into contact with a precipi-
tant capable of displacing the material from
the solution. Co '

1,081,040
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7. The process of precipitating material
from its solution which consists in subject-

‘ing the solution to a vacuum, and subse-

quently precipitating the material therefrom
by contact between the solution and a pre-
cipitant. ‘ :

85
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8. The process of precipitating and re- -

covering material from its solution which

consists of removing entrained gases from -

the solution, adding a precipitant to the
solution and conducting the mixture with-
out contact with the air to a filter. i

9. The process for precipitating and re-
covering material from its.solution which
consists in removing entrained gases from
the solution, adding a pretipitant to the duct
through which said solution is being con-

75
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veyed to a filter -and separating the solid .

from the liquid in said filter. - :

10. The. process for precipitating and re-

covering material from its solution which
consists in removing -entrained gases from

the solution, adding a precipitant to said.

solution in motion, coveying the mixture to

a filter and separating the solid from tlhe

liquid in said filter, all the while excluding

the mixture from contact with the atmos-

phere.

86
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11, The pi'odess of prec-ipita'ting and re-
covering material from its solution which -

consists of subjécting the solution to a

vacuum, adding a precipitant to the solu-

tion and conducting . the mixture without
contact with. the air to a filter. :

12. The process of precipitating mate’r-ial-

from its solution which' consists of flowing
the solution in thin sheetsin a vacuum and
precipitating the material therefrom by con-
tact between the solution and a precipitant.
13. The process of precipitating and re-
covering material from its solution. which
consists of flowing the solution in thin sheets
while subjecting it to a vacuum, adding a
precipitant to the solution, conducting the

95 -
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solution without contact with oxidizing -

gases to a filter, and separating the solid
from the liquid in said filter.

14. In an apparatus for precipitating ma- -

terial from its solution, a closed chamber
receiving the solution, and means for creat-
ing a vacuum in said chamber to remove
from the solution gases which interfere with
precipitation. =~~~ . . '

15. In an apparatus for precipitating ma-

terial from its solution, a filter, a: conduit’

for solution connected to, said’ filter, means
connected in said conduit for removing from
the solution gases which interfere with pre-
cipitation and means for bringing a precipi-
tant into contact with said gas impoverished
solution, _ ) \

16. In an apparatus for precipitating ina-
terial from its solution, means for removirg

110
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120
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gas which interferes with precipitation from _
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the solution and a precipitant containing

chamber receiving the solution.

" 17. In an apparatus for precipitating ma-
terial from its solution, a’conductor includ-
ing a closed chamber through which the

_ solution passes and means for creating a

vacuum in said chamber. o :
18. In an apparatus for precipitating ma-

. terial from its solution, a conductor includ-

10.

16

20.

25

ing ‘a closed chamber through which solu-
tion passes, baffle plates in said chamber and
lﬁleans for creating a vacuum in said cham-
er. ‘ ’ ‘
19. In an
terial from its solution, a conductor for con-
veying the pregnant solution, a' chamber in-
serted in the conductor, means in said cham-
ber for finely dividing the incoming solu-
tion, and means for exhausing entrained
gases from the solution and means for
bringing a precipitant into contact with said
gas 1mpoverished solution. .
20. In an apparatus for precipitating ma-
terial from  its solution, a conductor for
conveying the pregnant solution, a cham-

ber inserted in said conductor, means for
exhausting entrained gases from the solu- -
tion as it passes through the chamber, and

" .a float valve in said chamber and means for

30
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bringing a precipitant into contact with the
gas impoverished solution. ~
21. In an apparatus for precipitating ma-
terial from its solution, a feed tank, means
for supplying said tank with solution to
be treated, a closed chamber connected to
said tank, means for exhausting air from

/ said chamber, a tank connected to the cham-

ber and arranged to receive solution there-

from, a conductor leading out of the re-

ceiving tank, means opening into said con-
ductor for adding a precipitant to the solu-
tion therein and means inserted in said con-
ductor for forcing the mixture of solution
and precipitant through said conductor.
992 In an apparatus for precipitating ma-

_ terial from its solution, a conductor for con-

. veying the pregnant solution
ying pregn y

serted in the . conductor, and- means for

“creating a vacuum -in said chamber, - said

. 50

-chamber being elevated so _that the head of

liquid in the conductor discharging from
the chamber exceeds the vacuum in .the

‘ chamber.

55

- gerted in the conductor, a
the conductor feeds solution to the cham- .

60

93. In an apparatus for precipitating ma-
terial from its solution, a conductor for con-

apparatus for'precipitéting ma- -

a chamber in- -

~‘valuable metal therefrom by flowin

veying the pregnant solution, a chamber in-
serted in the conductor, means for creating
a vacuum in the chamber, a tank from which
the solution is forced througli said conduc-
tor to said chamber by unbalanced atmos-
pheric pressure, and a tank inserted in said
conductor. for receiving the solution from

5 .
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the vacuum chamber, said receiving tank be-

ing spaced below said chamber so that the
head of liquid in the conductor between the
levels of the solution in the chamber and
the receiving tank exceeds the vacuum in
the chamber. o ,

25. In an apparatus for precipitating ma-
terial from its solution, a conductor for con--
veying the pregnant solution, a chamber in-
serted in the conductor, a tank from which
{,)h'e conductor feeds solution to said cham-

er,
adding a precipitant to the solution therein,
and means for creating a vacuum in said
“chamber, said chamber being arranged above
said receiving tank so that the head of liquid.
in the conductor between the levels of liquid
in the chamber and the receiving tank ex-
ceeds the vacuum in the chamber.

26. The process of precipitating valuable
metal from metal bearing -cyanid solutions
which consists in removing from the solu-

.tion gases which interfere with precipita-
tion and subsequently precipitating the.

valuable metal therefrom by contact of the
solution with a finely divided metal capable

of }% ecipitating the valuable metal. -
- 27.

The process of precipitating valuable
metal from metal bearing cyanid solutions
which consists in removing oxidizing gases
from the solution and consequently bring-
ing the solution into contact with finely

~ divided precipitant.

'98. The process of precipitating valuable
metal from metal bearing cyanid solutions
“which consists in subjecting the solution to

_ the action of a vacuum for removing gases

which interfere with precipitation and sub-
sequently bringing the solution into contact
with a finely divided metal capable of pre-

75
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means opening in said conductor for .
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cipitating the valuable metal from solution. .

99, The process of precipitating valuable
metal from metal bearing cyanid solutions

115

which consists in removing from the solu-

tion gases which interfere with precipita-
tion and subsequently . precipitating. the

, solution in contact with a metal capable of

veying the pregnant solution, a chamber in-.—precipitating the valuable metal from solu-

tank from which

ber, and means for creating a vacuum in
the chamber, the said feed tank being ar-

~ ranged so that the solution is forced there-

66

from into the said chamber by the un-
balanced pressure of the air.

24. Tn an apparatus for precipitating ma-
terial from its solution, a conductor for con-

tion. .. .

30. The process of precipitating valuable
metal from metal bearing cyanid solutions
which consists in subjecting the solution to’
the action of a vacuum for removing gases
which interfere with precipitation and sub-
sequently flowing the solution in contact

with a metal capable of precipitating the -

valuable metal from solution.

the
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‘ 31 The process of precfpitating valuable In testimony whereof, I have hereunto
- metal from metal bearing cyanid solutions set my hand at Colorado Springs, Celorado; 10
which consists in.removing from the solu- this 9th day of June, 1916. :

tion gases which interfere with precipita- / ~ < a
6.tion - and subsequently precipitating the - . THOMAS B. CROWE.
- valuable metal therefrom by agitation in. .In presence of— - o

contact with a metal capable of precipitat- - H.V. HoLmAN,

ing the valuable metal from solution. - : W. T. Har.



